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Development of the calibration system for very accurate thermometers
at low temperatures

Inseok Yang, Chang Ho Song, Kee Hoon Kang, and Yong-Gyoo Kim'

Abstract

For the accurate calibrations of thermometers at low temperatures, triple points of oxygen and argon have been realized
using sealed-type triple point cells. The triple points were realized with both adiabatic and continuous heating methods.
The resistance of three capsule-type standard platinum resistance thermometers were measured at the triple points of
oxygen, argon, mercury and water for the calibrations of these thermometers in the range from —220 °C to 0.01 °C. The
extended uncertainty, with the coverage factor of 2, of the calibration in this range is smaller than ! mK.
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Fig. 1. (a) Sealed-type cryogenic triple point cells made by
IMGC, Italy (b) The openings of thermometer
wells of the cryogenic triple point cell.
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Fig. 2. Schematic diagram of the system for the realization
of the cryogenic sealed cells.
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Fig. 3. The result of the quasi-adiabatic realization of the
triple point of oxygen using heat-pulse method.
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realization of the triple point of oxygen measured
by the bridge.
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Table 1. The Uncorrected and Corrected Resistance and the Resistance Ratio of the SPRT B212 at the Fixed Points

standard resistor measured resistance corrected resistance

triple point bridge ratio o) @ © w
Water 0.247 109 120 100.000 27 24710978 7 24.710 998 3
Oxygen 0.091 155 480 24,999 625 2278 852 82 2.278 848 48 0.092 221 20
Argon 0.213 793 461 24.999 625 5.344 756 35 5.344 745 73 0.216 292 95
Water 0.247 105 936 106.000 27 24.710 660 3 24.710 679 9
Mercury 0.208 615 388 100.000 27 20.861 595 1 20.861 453 2 0.844 229 96
Water 0.247 105 425 100.000 27 24.710 609 2 24.710 628 8
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Table 2. Reference Resistance Ratlo and Resistance Ratio for Three Calibrated Thermometers at Each Triple Points and

the Coefficients of Their Deviation Function

W, B212 B254 9509
w(0,) 0.091 718 04 0.092 221 20 0.092 134 55 0.091 786 95
W(Ar) 0.215 859 75 0.216 292 95 0.216 220 16 0.215 925 13
W(Hg) 0.844 142 11 0.844 229 96 (.844 204 82 0.844 156 59
a —-5.647 606E-4 —-3.859 432E-4 —9.421 791E-5
b -2.404 353E-5 1.116 726E-4 -5.792 628E-6
| 1.378 636E-6 —4.557 314E-6 —2.101 117E-6
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Table 3. (a) Uncertainty Budget of the Calibration of the
SPRT at the Triple Point of Oxygen

Uncertainty components Uncertainties (mK)

sealed cell uncertainty 0.1
determination of the plateau value 0.05
plateau repeatability 0.1
self-heating 0.02
heat-flux 0.15
standard resistors 0.01
hydrostatic head correction 0.015
propagation from TPW uncertainty 0.01
combined uncertainty (k=1) 0.21
expanded uncertainty (k=2) 0.43
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